Objectives/Hypothesis: Although probable causative agents have been identified (e.g., refluxate components, tobacco smoke), the definitive mechanism for inflammation-related laryngeal mucosal damage remains elusive. Multichannel intraluminal impedance combined with pH monitoring (MII/pH) has emerged as a sensitive tool for diagnosis and characterization of gastroesophageal reflux disease with laryngopharyngeal manifestations. To determine the relationship between laryngeal signs and MII/pH, we examined correlations between Reflux Finding Score (RFS) ratings of videostroboscopic laryngeal examinations and findings from MII/pH.
INTRODUCTION
Chronic laryngitis, one of the most commonly diagnosed dysphonias among healthcare professionals, 1 is characterized by a variety of inflammatory changes observed in patients with an array of symptoms. Gastroesophageal reflux disease (GERD) has been implicated as a probable etiologic factor for chronic laryngitis, [2] [3] [4] though treatment with proton pump inhibitors (PPIs), the current standard of care for GERD, demonstrates a nonsignificant benefit over placebo. 5 In spite of lack of efficacy data supporting the use of PPIs, 46.2% of patients with a diagnosis of chronic laryngitis receive medication. 6 Although reflux with laryngeal manifestations (laryngopharyngeal reflux [LPR] ) may be an activator of laryngeal inflammation, the extent to which the effects of LPR alone contribute to the clinical picture of chronic laryngitis is unknown.
The Reflux Finding Score (RFS) was developed by Belafsky et al. 7 to document physical LPR findings on a standardized scale, with scores ranging from 0 (no evidence of reflux) to 26 (severe evidence of reflux). To validate this scale, RFS scores from 40 patients with clinically diagnosed LPR documented by esophagealpharyngeal pH monitoring were compared to scores from 40 age-matched, asymptomatic controls who had not undergone confirmatory pH monitoring, and a statistically significant difference in scores was found. 7 Based on these results, the authors concluded with 95% certainty that a person with RFS >7 has LPR. Other researchers have determined that findings and symptoms ascribed to LPR are not specific to LPR. 8 Milstein et al. 9 found at least one sign of laryngeal tissue irritation in the majority of volunteers undergoing laryngoscopy with no history of ear-nose-throat complaints or diagnosis of reflux. Similarly, Hicks et al. 10 demonstrated that 86% of normal, healthy, adult volunteers had findings commonly associated with reflux. Moreover, studies examining reliability of subjective laryngoscopic ratings of LPR have revealed mixed results ranging from poor to good. 11 Ambulatory pH monitoring has been lauded as the gold standard for diagnosis of acid reflux; however, its role in diagnosing LPR remains controversial. In a review of multiple studies, Vaezi et al. 12 revealed that only 54% of patients with laryngoscopic signs of reflux have abnormal esophageal acid exposure on pH probe. They suggest that such low accuracy demonstrates either overdiagnosis of reflux as the cause of laryngeal pathology or lack of sensitivity of pH monitoring in documenting LPR. 12 Other diagnostic tools developed more recently include multichannel intraluminal impedance (MII), pharyngeal pH monitoring, 13 and hypopharyngeal MII (HMII).
14 Impedance monitoring (including MII and HMII) measures both acid and nonacid reflux in liquid and gaseous forms by measuring electrical resistance between different points along the esophagus. Combined with pH monitoring, impedance may offer improved detection of reflux events associated with LPR, though its role in LPR diagnosis has not been established.
The primary goal of this study was to examine correlations between endoscopic findings using RFS and measures acquired from MII with pH (MII/pH) monitoring in healthy, untreated volunteers. Given that the pathophysiology of laryngeal inflammation has not yet been defined and concerns have been published in the literature regarding the specificity of the RFS, we hypothesized that there would be poor correspondence between these sets of variables.
MATERIALS AND METHODS

Participant Selection
Participants aged 21 to 65 years were recruited with newspaper and email advertisements and signs in the clinic and around the University of Wisconsin-Madison. Participants underwent videolaryngostroboscopic examination and 24-hour MII/pH, with each procedure performed on separate dates. The protocol was approved by the institutional review board of University of Wisconsin-Madison, and informed consent was obtained from all participants.
Participants were excluded from the study if they had a history of radiation therapy to the head and neck within the past 5 years, lung or gastroesophageal surgery, chronic sinusitis or rhinitis in the last year, an acute traumatic event near the larynx in the last year, tracheostomy or other significant laryngeal or tracheal surgery, and substance or alcohol abuse in the past year. Consumption of more than 10 (women) and 17 (men) units of alcohol per week (means of United Kingdom and United States recommended weekly limits) excluded participants. 15 Further exclusion criteria included malignancy (except superficial basal cell carcinoma) within the past 5 years; presence of an infectious cause of laryngitis in the past 3 months; need for continuous therapy with diazepam, phenytoin, mephenytoin, warfarin, anticholinergics, antineoplastics, prostaglandin analogs, H2-receptor antagonists, steroids (inhaled, oral, or intravenous), promotility drugs, and sucralfate; use of any PPI or H2 blockers in the past year; theophylline or any other investigational compound or participation in an investigational drug study in the previous 60 days. Women were excluded if pregnant or lactating. Nonsmokers had not smoked during the previous year. Smokers were defined by consumption of a minimum of five cigarettes/5 g of tobacco per day for the duration of 1 or more years, thereby distinguishing them from light smokers. 16, 17 Laryngoscopy Participants underwent videolaryngostroboscopic examination using rigid or flexible endoscope (Pentax Medical, Lincoln Park, NJ). Topical anesthetic was avoided unless the participant exhibited extreme gag reflex and was unable to tolerate examination. The larynx was visualized during sustained phonation on /i/ and quiet breathing. Digital recordings of laryngoscopic examinations were edited, randomized by clip number (List Randomizer, random.org), and organized into two video montages (iMovie; Apple, Cupertino, CA) representing two randomizations. Sixteen video clips were chosen randomly (List Randomizer, random.org) and included at the end of each video montage to assess intrarater reliability.
Reflux Finding Score
Eight raters provided ratings for this analysis using an adapted RFS (Table I) . Raters included clinicians with 55 combined years of experience in voice disorders. A 45-minute training presentation was developed demonstrating published photographic examples of each RFS item 7, 18, 19 as well as their descriptions. Following training, raters were presented with still images from five examinations and performed group consensus ratings. Notes from the presentation and consensus ratings were saved and raters were able to access these while completing the RFS. Six of eight raters completed the training session with consensus. Two raters that did not attend reviewed the presentation and consensus notes before completing ratings. No demographic or MII/pH data were provided to raters. Raters were also blinded to the purpose of investigation and participant classification.
Combined Multichannel Intraluminal Impedance and 24-Hour pH Probe
After a four-hour fast, participants underwent conventional esophageal manometry (circumferential probe; Medtronic, Shoreview, MN) to locate lower and upper esophageal sphincters (LES and UES, respectively). The MII/pH catheter had two antimony electrodes placed such that proximal sensor was positioned 1 cm below and distal sensor 15 cm below the UES. Impedance was measured through seven sensors placed along a 2.3-mm polyurethane catheter. This catheter was placed transnasally immediately following manometry. Configuration of the catheter allowed recording of changes in intraluminal impedance at 3, 5, 7, 9, 15, and 17 cm above the LES. Data from impedance channels and pH electrodes were transmitted at 50 Hz and stored together on a portable data recorder (Sleuth; Sandhill Scientific Inc., Highlands Ranch, CO) for later synchronization. Participants were monitored for 18-24 hours and encouraged to eat regular meals and participate in routine activities. Change in position (upright and supine) and symptomatic events including heartburn or regurgitation were documented by using buttons on the data recorder. Data were uploaded and analyzed using commercially available software (Bioview Analysis; Sandhill Scientific Inc.).
Analysis of pH data. Acid reflux episodes were defined as drops in pH to <4 for at least 5 seconds. Total acid exposure time (%) was calculated as total time of acid reflux episodes divided by monitoring time. Johnson/DeMeester score 20 was obtained using six parameters: 1) total percentage time pH <4.0, 2) percentage time pH <4.0 in an upright position, 3) percentage time pH <4.0 in a recumbent position, 4) total number acid reflux episodes, 5) total number acid reflux episodes longer than 5 minutes, and 6) duration of longest acid reflux episode.
Analysis of MII data. Recorded meal periods were excluded from analysis. On impedance, gas reflux was defined as rapid (>3,000 X/s) retrograde moving increase in impedance in at least two impedance sites. Liquid reflux was defined as retrograde moving 40% fall in impedance in two distal impedance sites. Proximal reflux was considered when refluxate reached the 15-cm impedance sensor. Total bolus exposure time (%) was defined as the combination of durations of gas and liquid reflux events divided by total time monitored.
Interpretation of combined dual-channel MII/pH data. Participants were assigned to cohorts-GERD, LPR, normal-based on MII/pH data. GERD was defined by acid exposure percent time of the distal pH probe >4.0, DeMeester score >14.7, and/or bolus exposure percent time of more than 1.4%. 21 LPR was defined by >31 proximal reflux events. 22, 23 Normal was defined by the following criteria: acid exposure percent time of the distal pH probe <4.0, DeMeester score <14.7, and <31 proximal reflux events. 22 
Statistical Analysis
To determine inter-rater reliability, intraclass correlation coefficients (ICC) were calculated. Pearson correlation coefficients were used to evaluate intrarater reliability. Average within rater agreement across all eight raters was computed for each RFS item. RFS ratings for each videostroboscopic examination were averaged across all ratings from eight individual raters. Pearson correlation coefficients were used to determine correlations between average RFS ratings and findings on MII/pH and correlations between age and average RFS ratings. General linear models, including repeated measures analysis of variance and analysis of covariance, were fitted to assess main effects of age, cohort, sex, and smoking status, as well as the two-, three-, and four-way interaction effects of age*sex, age*cohort, age*smoking status, cohort*sex, cohort*smoking status, sex*smoking status, age*sex*smoking status, age*cohort*smoking status, age*sex*cohort, cohort*sex*smoking status, and age*cohort*sex*smoker for all RFS ratings. ttests were used to examine differences in variables that could not be accounted for by linear modeling. All analyses were performed with SAS software (SAS Institute Inc., Cary, NC) with type I error set at 0.05.
RESULTS
Clinical and Demographic Characteristics
Of 155 original video clips included in the montages provided to raters, 13 were excluded from rating and analysis due to insufficient views from anterior commissure to posterior pharyngeal wall. Data from 142 participants including videolaryngostroboscopic recordings, MII/pH variables (Table II) , and averaged RFS ratings (Table II) were therefore included in the final analysis. Analysis of MII/pH data revealed 38 participants with GERD (27%), 44 with LPR (31%), and 60 normal (42%). Of 142 participants, 116 (82%) had total RFS >7, and 55 (39%) had total RFS >11. Age, sex, smoking, reflux cohort, and total RFS characteristics of these participants are summarized in Table III . Videostroboscopic examination and MII/pH testing were completed with an average of 61 days between each procedure.
RFS Rater Reliability and Agreement
ICC for intrarater reliability ranged from 0.05 to 0.45 (Table IV) . Results demonstrate poor to fair reliability for all RFS rating items. Inter-rater reliability was assessed on 256 observations from eight raters. ICC ranged from 0.21 to 0.48 (Table IV) , indicating poor to fair inter-rater reliability for all RFS rating items. Average intrarater agreement examines overall levels of rater self-consistency, for each rater and RFS rating. Results are based on repeated ratings of 16 video clips, and indicate that individual raters were 54.8% to 71.7% reliable across all ratings, and that they produced the same value for any individual variable 48.75% to 78.75% of the time (Table V) . 
Correlations Between RFS and MII/pH
Average RFS ratings for each videostroboscopic examination were compared to individual MII/pH variables resulting in 144 analyzed correlations across 142 participants. There was a single significant correlation between posterior commissure hypertrophy and minutes of nonacid refluxate (R 5 20.21, P 5.0115). No other correlations were significant (data not shown).
Effect of Clinical and Demographic Characteristics on RFS
Average RFS ratings for each variable were analyzed relative to clinical and demographic data including cohort, sex, and smoking status. Age was analyzed as a main effect and also included in a separate interaction effects model (Table VI) . Interaction effects of cohort, sex, smoking status, and age influenced averaged RFS ratings. General linear modeling, including all variables and their interactions (Table VI, model 2) , explained 25% to 40% of the variance observed in many RFS ratings. Although both models tested could not account for variance in ratings of subglottic edema and thick endolaryngeal mucus, further analysis revealed the main effects of sex on both of these variables (P 5.025, P 5.049, respectively).
DISCUSSION
The major finding of this study was a single statistically significant correlation between RFS and MII/pH variables in a group of healthy, non-treatment-seeking, untreated volunteers. We found a negative correlation between posterior commissure hypertrophy and duration (minutes) of nonacid reflux (R 5 20.21, P 5.0115), suggesting that posterior commissure hypertrophy is decreased with greater duration of nonacid reflux. This result is supported by biological evidence demonstrating less proinflammatory cytokine gene expression with greater acid exposure in biopsies taken from the posterior commissure. 24 Though this correlation coefficient is statistically significant, it is meaningless unless properly interpreted for clinical relevance. Calculating coefficient of determination (R 2 ) yields 0.044, meaning that 4.4% of variation in ratings of posterior commissure hypertrophy can be explained or accounted for by variation in duration of nonacid reflux. This interpretation of the data suggests there are other factors (e.g., demographic characteristics) aside from reflux findings measured by MII/pH that may explain variability in RFS ratings. It is also possible that there is an inherent lack of RFS validity for specific reflux diagnosis.
The primary outcome measures of our study were eight RFS ratings in addition to total RFS averaged across eight trained clinician raters and 16 MII/pH variables. Though averaged RFS ratings were used for analysis, it is worth noting that inter-and intrarater reliability for RFS was poor-fair. In a review of the literature examining reliability for laryngopharyngeal findings in LPR, Powell and Cocks 11 presented a summary from nine publications demonstrating variable reliability ranging from poor-good. They suggested variability might be related to methods of assessment or statistical tests used. Potential explanations for poor intrarater reliability observed in our study relate to the inherent limits of human raters' visual-perceptual systems and the RFS scale itself. Rosen 25 has suggested several limitations and possible errors associated with visual-perceptual ratings of videostroboscopy, including rater fatigue and lack of variability of videos. Additionally, whereas some variables (e.g., subglottic edema) can be scored as 0 (absent) or 2 (present), other variables (e.g., vocal fold edema) are scored on a 5-point scale (0, 1, 2, 3, 4) . When data are pooled for statistical calculation of intrarater reliability, the difference between ratings of 0 and 2 is given greater weight than the difference between ratings on a five-point scale.
Examining agreement in conjunction with reliability gives an indication of statistical penalties resulting from limits of the scale. For example, upon repeat rating of thick endolaryngeal mucus, clinicians on average agreed with their initial rating 72.4% of the time, whereas intrarater reliability was calculated at R 5 0.12 (P 5.0001) indicating poor reliability. Agreement implies that two raters assign identical meanings to each score for each variable, whereas reliability indicates that raters rate variables in parallel fashion, without implying that score values have the same meaning. If the range of scores is restricted (e.g., raters consistently avoid extremes of a scale or scores vary little with respect to variable rated), reliability coefficients may be low, even if raters agree. In this study, it is possible raters avoided severe extremes of the RFS given they were rating images from nontreatment-seeking volunteers as opposed to a pathologic population.
To bolster the clinical relevance of our findings, we used combined MII/pH variables semidiagnostically to categorize our study population into cohorts including LPR, GERD, and normal based on normative data. [21] [22] [23] Our study is the first to report on the incidence of GERD and LPR based on MII/pH in untreated, nontreatment-seeking healthy volunteers. Within our participant group, more than half (58%) was categorized as either LPR or GERD, whereas 42% demonstrated normal findings on MII/pH. Similarly, categorization of participants using published thresholds for total RFS of 7 7 and 11 26 yielded 82% and 39%, respectively, categorized as LPR, supporting Hicks et al.'s finding that 86% of normal, healthy, adult volunteers had signs associated with reflux. 10 In a study investigating the diagnostic usefulness of MII/pH in 98 patients with suspected LPR off PPI therapy for at least 2 weeks, Lee et al. found that 54% demonstrated pathologic GERD, 27 a finding consistent with our data in spite of the difference in study populations. It should be noted that in our study, LPR was determined based on impedance and pH findings in the proximal esophagus, not in the hypopharynx, which may have resulted in overestimation of incidence of LPR. Supporting this possibility, an investigation of 34 asymptomatic, untreated research participants using hypopharyngeal MII/pH revealed a single LPR event recorded from one participant (3%), whereas in symptomatic, untreated patients, 24/184 (13%) had at least one LPR event documented.
14 In clinical practice, gastroenterologists use MII/pH to diagnose reflux in patients with persistent symptoms despite acid-suppressive therapy. Diagnosis includes examining symptom association 28 (i.e., determining whether episodes recorded by MII/pH are associated with a corresponding symptom) and comparing MII/pH variables in patients on therapy to normative values. 29 As we were attempting to use MII/pH as the sole objective measure of reflux in a nontreatment-seeking population, symptom association and treatment response were not evaluated within the present research design.
The clinical/demographic interaction and main effects observed within our dataset provide insight into factors that explain some variance in RFS ratings. General linear modeling including main and interaction effects of age, reflux cohort, sex, and smoking status could explain 25% to 40% of the variance observed in all RFS variables except subglottic edema and thick endolaryngeal mucus, suggesting that RFS ratings are influenced by clinical and demographic factors. Inflammatory ) accounted for by: 1) the main effect of age; 2) the main and interaction effects of cohort, sex, smoking status; and 3) the main and interaction effects of cohort, sex, smoking status, and age for each RFS variable.
RFS 5 Reflux Finding Score.
signs measured with RFS are in part related to the combinations of sex, smoking status, and age of the larynx being rated as opposed to reflux alone. Subglottic edema, also referred to as pseudosulcus and infraglottic edema, has long been thought to be predictive of, 30 and specific for, 19 LPR; however, our results demonstrate that males receive greater ratings than females on this variable regardless of reflux cohort, smoking status, and age. It seems possible that this finding so commonly ascribed to inflammation from reflux may be a result of anatomic differences between males and females. Males also received greater ratings than females for thick endolaryngeal mucus, suggesting that this finding provides more information about the sex of the person being examined than it does about reflux.
Although attempts were made to eliminate bias, we recognize limitations in our study design that may have prejudiced our results. Of primary consideration is that we examined data from non-treatment-seeking volunteers, a population not representative of a typical clinical population. It would be ideal to repeat the study in treatment-seeking patients for whom laryngeal inflammation impacts vocal function, thereby addressing the role of reflux specific to diagnosis of chronic laryngitis. We also recognize that we persisted in analyzing averaged RFS ratings in spite of poor reliability, though we attempted to avoid this issue by providing raters with training. Finally, we acknowledge that reflux status may have changed in the time between videostroboscopic examination and MII/pH testing. This could be avoided in future studies by completing videostroboscopic examination immediately prior to MII/pH.
CONCLUSION
Our data demonstrate an overall lack of correlation between RFS and MII/pH, supporting the hypothesis that RFS is not specific for reflux in non-treatment-seeking, untreated volunteers. Our findings also illustrate that in spite of training, raters demonstrated poor-fair inter-and intrarater reliability on RFS, consistent with results from other studies. Finally, we suggest that clinical and demographic characteristics, including sex, smoking status, and age, contribute to differences in RFS ratings.
